A chemical analysis of the diterpene hydrocarbons produced by fusicoccin-producing fungus Phomopsis amygdali F6 identified five phyllocladene-related triand tetracyclic diterpene hydrocarbons. The presence of (þ)-phyllocladene, (À)-sandaracopimaradiene, (þ)-isopimara-8,15-diene, and (þ)-pimara-8(14),15-diene in the fungus was demonstrated by GC-MS, 1 H-NMR, and ½ D measurements. (þ)-Kaurene was also identified by GC-MS and chiral capillary GC. The possible biosynthetic relationship of these metabolites is discussed.
Although many oxygenated diterpenoids from fungi have been isolated and chemically examined, 1, 2) only a few studies on the structural determination of fungal diterpene hydrocarbons have been reported. 2) We have recently isolated 5/8/5-tricyclic (þ)-fusicocca-2,10(14)-diene (1) as a biosynthetic intermediate of bioactive fusicoccins J (2) and A from the plant pathogenic fungus, Phomopsis amygdali F6, and confirmed its structure by a total synthesis.
3) When we analyzed 1 from this fungus by GC-MS, the presence of other diterpene hydrocarbons were also evident from their mass spectral data. In connection with our current interest in isolating cDNA encoding novel fungal diterpene cyclases, we attempted to isolate and identify these diterpene hydrocarbons as possible new fungal metabolites. We report here the isolation and identification of (þ)-phyllocladene (3), (À)-sandaracopimara-
,15-diene (6) , and (þ)-kaurene (7) from the mycelia of P. amygdali F6. Our results provide the first evidence that hydrocarbons 3, 4 and 7 are present in fungi.
A GC-MS analysis of the mycelial extract obtained from a 4-day culture, 3) . A large-scale fermentation was employed to determine the structures of these hydrocarbons. Mycelia (2.0 kg) from the 200 flasks were extracted with acetone.
3) The aqueous acetone solution was solvent-partitioned to give an EtOAc-soluble fraction (12 g) containing basic and neutral components. This fraction was dissolved in MeCN (400 ml) and partitioned between MeCN and nhexane. The n-hexane-soluble portion (5.8 g) was sep-arated by silica gel flash chromatography, using nhexane as the eluent. The eluates (6 ml each) were collected in test tubes, and tube numbers 14-15 gave 1 (25 mg). Tube numbers 16-22 (26 mg) were rechromatographed in a similar way, and 2 ml of the eluate was collected. The resulting fraction from tube numbers 21 0 -22 0 (6.4 mg) was carefully separated by reverse-phase chromatography {Silicagel-S ODS column (300 mm Â 10 mm i.d., Kusano Co.); flow late of 2 ml min À1 ; UV detection at 210 nm; eluent of MeCN} to give three compounds: 5 (t R 40 min, 0.9 mg), 6 (t R 44 min, 0.5 mg) and 3 (t R 50 min, 1.1 mg). The fraction from tube numbers 24 0 -25 0 (2.7 mg) was also separated in a similar way, giving one major peak at t R 44 min (4, 1.3 mg).
Compounds 3, 4, 5 and 6 were identified by full-scan MS, . These values are in good agreement with the corresponding literature values. 5, 6) We can thus conclude the identity of compounds 4, 5 and 6 to be (À)-sandaracopimaradiene, (þ)-isopimara-8,15-diene, and (þ)-pimara-8(14),15-diene (Fig. 3) . A careful GC-MS analysis of the n-hexane-soluble fraction already mentioned (Fig. 1) suggested the presence of kaurene (7) and pimara-8,15-diene (8) . To identify these hydrocarbons, we prepared an additional n-hexane extract (9.0 g) from the mycelia (4.0 kg) of P. amygdali F6. Compounds 7 and 8 were prepared in similar ways to those already described in only small amounts. However, 7 could be identified as kaurene based on its mass spectrum and t R 21.2 min by the GC-MS analysis that were identical to those of authentic ent-kaurene {t R 21.2 min, ½ D À74 (c 0.4, CHCl 3 ), it is referred to as (À)-kaurene} prepared from a gibberellin-producing fungus Gibberella fujikuroi. 7) To determine its absolute stereochemistry, 7 was analyzed against authentic (À)-kaurene with a co-injection method by chiral capillary GC {100 C for 2 min to 200 C at 5 C min À1 and then 200 C for 10 min; He carrier gas at 130 kPa; CPChirasil-Dex CB column (Chrompack Co.)}. Based on the obvious separation of the peak of 7 (t R 19.1 min) from that of (À)-kaurene (t R 19.0 min), the absolute structure of 7 was determined to be that of (þ)-kaurene (Fig. 2) . Compound 8 showed a mass spectrum very close to that of 5: an analogous relationship was observed between 6 and its 13-epimer, 4. Compound 8 was identified as pimara-8,15-diene based on its mass spectral data and t R of 19.3 min by a GC-MS analysis that are identical to those of an authentic sample (t R 19.3 min) prepared from an aphidicolin-producing fungus, Phoma betae. 8) Its absolute structure was assignable to (þ)-pimara-8,15-diene based on the derivation from a common biosynthetic precursor (Fig. 3) . The diterpene hydrocarbons identified in this study are useful authentic samples for identification by GC-MS and polarimetricdetecting HPLC; for example, although 4 has a low -like compounds (data not shown).
absolute value for ½ D , we found that a small amount of 4 (1 g) was sufficient to detect a minus sign by an online polarimeter {PDR-Chiral Laser Polarimeter (PDRChiral Inc.); operating at wavelength 670 nm} equipped with an HPLC system {Ciralcel-OJ column (Daisel Chemical Industries Ltd.); flow late of 1 ml min À1 ; UV detection at 210 nm; eluent of n-hexane}. The use of this polarimetric-detecting HPLC system in combination with GC-MS analyses, using a mixture of authentic samples available from P. amygdali F6, will be helpful to identify small amounts of these and related diterpene hydrocarbons, including their absolute configuration, from other organisms. Figure 3 summarizes the proposed biosynthetic routes for the diterpene hydrocarbons identified in this study. Diphosphate ester 9 of (þ)-copalol can be synthesized by a type-B cyclization 9) reaction from all-trans-geranylgeranyl diphosphate (10) . As shown in Fig. 3 , it is predicted that carbocations 11 and 12 will be formed by a different second type-A cyclization 9) mechanisms such as re-or si-face cyclization on C-13 in 9 and then generate the subsequent carbocation intermediates (13 and 14). Elimination of proton at either C-14 or C-9 in 11 would provide pimaradiene hydrocarbons 4 and 5, and in 12 would provide 6 and 8. Tetracyclic hydrocarbons 3 and 7 would be respectively derived from 13 and 14 by their sequential rearrangement and subsequent elimination of the proton. Diterpene hydrocarbons 3 and 7 and their enantiomers have been isolated from many species of higher plants, 9, 10) but not previously from fungi. It would be interesting to study how different stereo-structure types are determined by diterpene cyclases, and what is their evolutionary perspective. The occurrence of diterpene hydrocarbons 3-8 demonstrates the diversity of cyclic diterpenes that can be found in this fungus. The presence of diverse cyclic diterpene hydrocarbons has also been observed in Phoma betae.
8) The isolation and identification of diterpene hydrocarbons from fungus Phomopsis amygdali F6 in this study are of primary importance in our current effort to characterize the genes encoding the corresponding fungal diterpene cyclases, 'fusicoccadiene synthase' and '(þ)-phyllocladene-(þ)-kaurene synthase,' that may allow us to study in depth the complex mechanisms underlying cyclization reactions in the future. 
